Regression Analysis

Project

The influence of Chemical factors on the taste result of cheeses

5/18/2007

Goal:

There are many different chemical factors will cause different final tastes of cheeses curing the producing various. The objective on this project is to determine whether three main chemical factors, Acetic H2S and Lactic affect the tasting results. Statistic methods, the scatter plot, the residual plot, ANOVA, regression analysis and outliers detection are utilized with SAS software in order to achieve our goal.

The dataset contains 30 samples of mature cheddar cheese. Each sample has three concentrations of various chemicals, Acetic H2S and Lactic and a subjective measure of taste.

The data (the source is from http://lib.stat.cmu.edu/DASL/Datafiles/ Cheese.html):
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Analysis: 

The original cases scatter on the scatter plot separately and the residual plot is not random enough from Figure 1 and Figure 2, so the data can be done further modification. From Table 1 the correlation between almost each pair of chemicals exceeds 0.60, the problem of multicollinearity maybe exist in the model. In order to modify multicollinearity, the regression model needs to drop one or several predictor variables that are not fitted for model. 

Figure 1
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Figure 2
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Table 1
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In order to determine whether Acetic, H2S and Lactic have predictive analysis of the tasting result, ANOVA is used to analyze the relationship between them.

Suppose the regression function

Y = β0+β1X1+β2X2+β3X3

Y is the score of the tasting result 

X1 is the number of Acetic
X2 is the number of H2S
X3 is the number of Lactic
Hypothesis
Ho : β1 = β2 = β3 = 0

Ha : not allβj  j = 1, 2 and 3

Statistic method: F Test

Decision : If F = MSR/MSE > Fα(p-1,n-p), we can conclude Ha at α = 0.05. Otherwise, conclude Ho.

    Table 2
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F-value is estimated from Table 2 below:

F = MSR/MSE = 16.22 > F0.05 (3, 26) = 2.9752

Conclusion:

The result rejects Ho. The combination of three predictor variables can predict the response variable. The regression function is from Table 3 below:

Y = -28.87677 + 0.32774 Acetic + 3.91184 H2S +19.67054 Lactic
Now, ANOVE is utilized to estimate whether each variable can predict the response variable, too. 

Table 3

[image: image7.png]Paraneter Estinates

Paraneter Standard
Varisble  OF Estinate Error P> It
Intercest 1 -20.87677 1973542
destic 1 32774
HeS | 91184

67054

Lectic




(Hypothesis:
Ho : β1 = 0

Ha : β1 ≠ 0

Statistic method: T Test

Decision : If T-value > Tα/2 ( n-2), we can conclude Ha at α = 0.05. Otherwise, conclude Ho.

T -value is estimated from Table 3 below:

∣t∣= 0.07 < t (0.025,28) = 2.0484

Conclusion:

The result cannot reject Ho. It shows that Acetic doesn’t need to put into the regression model as H2S and Lactic are already in the model.

(Hypothesis:
Ho : β2 = 0

Ha : β2 ≠ 0

Statistic method: T Test

Decision : If T-value > Tα/2 ( n-2), we can conclude Ha at α = 0.05. Otherwise, conclude Ho.

T-value is estimated from Table 3 below:

∣t∣= 3.13 > t (0.025,28) = 2.0484

Conclusion: The result rejects Ho. It shows that H2S can be put into the regression model as Acetic and Lactic are already in the model.

(Hypothesis:
Ho : β3 = 0

Ha : β3 ≠ 0

Statistic method: T Test

Decision : If T-value > Tα/2 ( n-2), we can conclude Ha at α = 0.05. Otherwise, conclude Ho.

T-value is estimated from Table 3 below:

∣t∣= 2.28 > t (0.025,28) = 2.0484

Conclusion: The result rejects Ho. It shows that Lactic can be put into the regression model as Acetic and H2S are already in the model.

According to these conclusions of (((, the new regression model from Table 4 is produced as two variables, H2S and Lactic, are into the model and Acetic is omitted.

        Table 4
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The new regression model is below:

Y = -27.59182 + 3.94627 H2S + 19.88720 Lactic

Comparing with R-Square and Adj R-Sq of model A and B

A model (Table 3): Y=-28.87677+0.32774Lactic+3.91184 H2S +19.67054 Lactic 
B model (Table 4): Y = -27.59182 + 3.94627 H2S + 19.88720 Lactic           
	Model
	A   
	B  

	R-Square
	0.6518
	0.6517

	Adj-R-Sq
	0.6116
	0.6259


R-Square of A is greater than that of B because the variable of B is reduced. Furthermore, Adj R-Sq of B is greater than that of A, so it can state that the regression model B is better.

Also, steam-leaf graph, Box plot and normal probability plot of H2S and lactic in Appendix 1 indicate no violation of the assumption of the regression model.

· Transformation

From Figure 3 and 4 (scatter plot and residual plot) and the number of R-Square and Adj-R-Sq of B model: Y = -27.59182 + 3.94627 H2S + 19.88720 Lactic, we try to do transformation to let the regression function be better.

Figure 3
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Figure 4
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According to Table 5, the comparisons of the transformations of B, C, D and E show that the transformation E is better than others. The new regression model produced by sqrt (H2S) and Lactic is Y = -50.49158+19.43316 H2S+19.68580 Lactic form Table 6

Table 5

	Transformation
	B
	C
	D
	E

	Variable
	H2S
	LOG (H2S)
	SQRT (H2S)
	SQRT (H2S)

	Variable
	Lactic
	LOG (Lactic)
	LOG (Lactic)
	Lactic

	R-Square
	0.6517
	0.6376
	0.6433
	0.6519

	Adj-R-Sq
	0.6529
	0.6107
	0.6169
	0.6261


Table 6
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· Detecting outliers

Outliers are found by utilizing Residual, Student Residual, Rstudent, Covtation, Cookd and Dffits from Table 7, Table 8 and Figure 5.

(Residual: the observation 15 is the greatest one among the data

(Student Residual: the observation 15 is the greatest one among the data

(Rstudent: t (0.0025,26)= 3.0669 and no observation is greater than 3.0669

(Covtation:

By Belsley, Kuh and Welsch rule, (COVRATIO) i > 1.3 or (COVRATIO) i<0.7. The observations are 6, 7, 15, 24, and 26

(Cookd: the observation 15 is the greatest one among the data

(Dffits: no observation is greater than 1

(Figure 3: the observation 15 is obviously out of the range 

According to these estimations above, the observation 15 could be the outlier. It must go back to check the source of the original data. If it is incorrect, it can be omitted. Otherwise, it should be kept in the data.

Table 7
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        Table 8
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Figure 5
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If the outlier, Obs15, is omitted from Figure 5, R-Square and Adj-R-Sq become larger. The cookd plot ‘Figure 6’ is shown below after omitting observation 15.   

Figure 6

  [image: image1.png]taste
2.3
20,9
39
41.9
5.6
25
37
21
18
21
34
57.2
0.7
25.9
54.9
40.9
15.9
6.4
18
38.9
14
15.2
32
56
16
11
2
0.7
13.4
5.5

Acetic

543
159
366
750
663
697
892
078
808
242
74

446
477
236
151
365
787
412
247
438
564
208
455
855
366
043
458
328
802
176

s
135
043
438
496
807
601
726
966
85

17
142
908
996
942
752
588
912

11
064
949
22
242
10.199
3.664
3.219
6.962
3.012
6.685
4.787

Lactic

86
53
57
81
99
09
29
78
29
58
68

06

52
74
16
49
63
99
15
33
44
01
31
46
72
25
03
25



[image: image15.png]



After these statistic methods, the final regression function Y= -49.16130 + 18.39537 H2S + 19.88873 Lactic is produced from Table 9

Table 9
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Summary

 After using several series statistic analyses, chemical factors can affect the tasting result of processing cheddar cheese are H2S and Lastic. However, The chemical factor, Acetic, does not have the influence on the aging of cheeses significantly. Therefore, the final fitted regression model is Y= -49.16130 + 18.39537 H2S + 19.88873 Lactic. According to this model, researcher can control quantities of H2S and Lastic and predict other final tasting results of cheese product within the appropriate range of chemical concentrations. This result achieves my goal of this projection. 

Appendix 1

Y = -27.59182 + 3.94627 H2S + 19.88720 Lactic
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SAS CODE
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